Based on arXiv:1705.07935 and arXiv:1705.07917, we present the first global fits of supersymmetric models using the new Global And Modular Beyond-the-Standard-Model Inference Tool (GAMBIT). With GAMBIT we have performed frequentist fits of the GUT-scale CMSSM, NUHM1 and NUHM2 models, as well as the weak-scale MSSM7, extending existing results in terms of the number of observables included, scanning techniques and treatment of nuisance parameters. For the GUT-scale models our analyses show that a stop co-annihilation scenario provides the best fit to current data, and that in the CMSSM the stau co-annihilation scenario is ruled out at 95% confidence level. For the MSSM7 we find that the best-fit scenario has light higgsinos and highly under-abundant relic density due to efficient chargino co-annihilation.
Introduction
Supersymmetry (SUSY) has long been among the most promising avenues for new physics, potentially offering solutions to many problems left unresolved in the Standard Model (SM). The phenomenological richness of SUSY also implies that the parameter space of SUSY theories can be constrained by a wide range of experimental searches. To investigate the combined impact of current results from all relevant experiments requires a 'global fit' -a comprehensive and statistically rigorous comparison between theory predictions and data across the parameter space probed.
For this purpose we have developed GAMBIT, a new open-source tool for performing largescale global fits of Beyond-the-Standard-Model (BSM) theories [1, 2, 3, 4, 5, 6 ]. While we here present the SUSY global fits we carried out in [7, 8] , GAMBIT itself is designed as a theoryagnostic tool capable of performing fits of any BSM theory where the necessary tools for calculating theory predictions exist. For an example of a non-SUSY analysis with GAMBIT we refer to our global fit of the scalar singlet model in [9] .
We have performed global fits of four different models within the larger framework of the Minimal Supersymmetric Standard Model (MSSM): the Constrained MSSM (CMSSM) and its Non-Universal Higgs Mass extensions (NUHM1 and NUHM2), with parameters defined at the GUT scale, and a 7-parameter version of the MSSM (MSSM7) defined at a scale of Q = 1 TeV. The free parameters of each model, along with the ranges and sampling priors used in our parameter scans, are provided in Table 1 of Ref. [7] (CMSSM, NUHM1 and NUHM2) and Table 1 of Ref. [8] (MSSM7). In our scans we have also varied five nuisance parameters: the SM strong coupling (α s ), the top mass (m t ), the local dark matter (DM) density (ρ 0 ) and two nuclear matrix elements (σ s and σ l ) relevant for DM direct detection. To ensure a thorough exploration of each model's parameter space we have performed a number of scans with varying priors, sampling algorithms and settings. The final results are based on the combined set of parameter samples for each model. The scans were performed using the differential evolution scanner Diver 1.0.0 [6] and the nested sampler MultiNest 3.10 [10] . We refer to [7, 8] for further details on the scanning procedure.
The likelihood function in our analyses includes contributions from Higgs measurements; electroweak precision observables; a large number of flavour observables; direct SUSY searches at LEP and LHC (Runs I and II); the DM relic density; and multiple direct and indirect DM searches. As a conservative choice we have implemented the observed relic density only as an upper limit, thus not penalizing parameter regions that predict an under-abundant relic density.
For calculations of the theory predictions we have made use of the following tools: FlexibleSUSY 1.5.1 [11] , HDECAY [12] and SDECAY [13] [26, 27] .
The GAMBIT input files, generated likelihood samples and best-fit benchmark points for the analyses presented here are available online through Zenodo [28, 29] . best-fit is provided by the stop co-annihilation region in the lower-left part of the plane. The preferred parameter space also encompasses a region at larger values for the mass parameters, where an over-abundant relic density is avoided through chargino co-annihilation and/or resonant annihilation through the A/H-funnel. Interestingly, the stau-coannihilation region is now excluded at 95% CL in the CMSSM.
Results
Results for the m 0 -m 1/2 planes of the NUHM1 and NUHM2 are shown in the bottom row of Figure 1 . Compared to the CMSSM, the additional parametric freedom in the NUHM1 and NUHM2 leads to a widening of the preferred parameter space. The best-fit region is again the stop co-annihilation region, but now also the stau co-annihilation region is allowed at the 95% CL.
The stop co-annihilation region in the CMSSM extends down to stop masses of around 250 GeV. Due a stop-neutralino mass difference of less than 50 GeV it will be challenging to fully explore The CMSSM 95% CL region in the plane of the neutralino mass and the spin-independent neutralino-proton scattering cross-section. The final 90% CL exclusion limit from LUX [30] along with prospective limits from future direct detection searches [31, 32] are displayed as pink lines. Right: A similar plot for the NUHM1. Figures from [7] .
the stop co-annihilation scenario at the LHC. However, there is hope that at least the low-mass part of this region can be probed by LHC searches in the near future. For the chargino co-annihilation and A/H-funnel regions, DM direct detection experiments are most promising for discovery. As shown in Figure 2 (left), future searches with XENON1T, XENONnT, LZ and DARWIN will be able to completely exclude these regions in the CMSSM. We note that the smallest scattering crosssections found in the stop co-annihilation region are due to fine-tuned cancellations in the tree-level matrix elements, expected not to hold at loop order. The situation is rather similar for NUHM1 and NUHM2. Future direct detection experiments will fully probe the current chargino co-annihilation and A/H-funnel regions, as shown for NUHM1 in the right panel of Figure 2 . However, large parts of the preferred stop and stau co-annihilation parameter space will remain out of reach for both direct and indirect DM searches, as well as for future LHC searches.
In the top row of Figure 3 we show the results for the µ-M 1 plane of the weak-scale MSSM7. The parameterisation used for the MSSM7 encompasses three possible scenarios for the composition of the lightest neutralino: bino-dominated (M 1 < µ), bino-higgsino mixture (M 1 ∼ µ) and higgsino-dominated (µ < M 1 ). As seen in Figure 3 , all these scenarios are allowed at the 95% CL. The best-fit parameter space is found in the low-mass part of the chargino co-annihilation region, where the lightest two neutralinos and the lightest chargino are higgsino-dominated with masses around 250 GeV. The efficient annihilation of higgsinos leads to a highly under-abundant relic density in this region. When the neutralino is bino-dominated, stop and/or sbottom co-annihilation becomes important across large regions of the preferred parameter space. The close correlation between the stop and sbottom co-annihilation regions is due to the MSSM7 being parameterised with a common sfermion soft-mass parameter. The A/H-funnel can contribute across almost the entire allowed parameter space.
As for the GUT-scale models, future DM direct detection searches will fully explore the chargino co-annihilation region. This can be seen in the bottom row of Figure 3 . Also the other relic density mechanisms can be significantly constrained by future direct detection experiments, and to some extent by indirect DM searches (not shown). There is also hope that the low-mass parts of the stop and sbottom co-annihilation regions can be probed at the LHC in the near future.
Conclusion
We have summarised the comprehensive GAMBIT global fits of the CMSSM, NUHM1, NUHM2 and MSSM7 that we carried out in [7, 8] . In the CMSSM, NUHM1 and NUHM2 we find that the highest-likelihood parameter regions are found in the stop co-annihilation region, while in the MSSM7 a low-mass chargino co-annihilation scenario provides the best fit to data. In the CMSSM the stau co-annihilation region is now ruled out at 95% CL. In all models the currently preferred chargino co-annihilation regions will be fully probed by future direct DM searches, and for the
